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New support for clarifying the relation between ST segment
resolution and microvascular function: degree of ST
segment resolution correlates with the pressure derived
collateral flow index
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Objective: To investigate the relation between the degree of ST segment resolution (STR) after thrombolysis
and the pressure derived collateral flow index (CFIp), determined using an intracoronary pressure
measurement technique in patients with recent myocardial infarction.
Methods: 33 patients were studied. TIMI grade III flow was achieved in the infarct related artery by
thrombolysis. A surface ECG was obtained on admission and 90 minutes later. The sum of ST segment
elevations was measured by summing all leads with ST elevation on the baseline ECG and on the 90
minute ECG (after thrombolysis) and calculating the percentage recovery. The study population was
divided into two groups, with good STR (> 50%; group 1) or poor STR (, 50%; group 2). After
angiography, a fibreoptic pressure monitoring guidewire was advanced to the stenosis to be dilated. The
CFIp was determined as the ratio [coronary wedge pressure 2 central venous pressure]/[mean aortic
pressure 2 central venous pressure].
Results: The mean STR on the surface ECG was 54.6% and mean (SD) CFIp was 0.25 (0.12) (range 0.10–
0.41). There was an inverse correlation between the individually calculated percentage of STR and CFIp
(r = 20.64, p , 0.01). The mean CFIp was lower in patients with a good STR than in those with a poor
STR (0.18 (0.07) v 0.27 (0.10), p , 0.02).
Conclusions: Although TIMI grade III flow was achieved after thrombolysis, a worse STR on the surface
ECG was associated with higher CFIp measured in the infarct related artery. CFIp appears to reflect the
degree of microvascular obstruction by quantifying impedance of the microvasculature.

R
esolution of ST segment elevation has been shown to be
a simple and useful predictor of final infarct size, left
ventricular function, and clinical outcome after both

thrombolytic and interventional approaches to the manage-
ment of acute myocardial infarction.1–3 It is known that a
patent epicardial artery does not necessarily result in
reperfusion at a cellular level, and it has been suggested that
ST segment recovery may be a better marker of myocyte
reperfusion.4–6 Determination of a pressure derived collateral
flow index (CFIp), assessed by intracoronary pressure
measurement with a pressure monitoring guidewire, makes
it possible to evaluate collateral function in the non-infarcted
heart.7 8 However, after acute myocardial infarction, CFIp is
significantly influenced by the severity of the dysfunction in
the ischaemic microvasculature.9

Our objective in this study was to evaluate the correlation
between the degree of ST segment resolution (STR) and CFIp
in patients with acute myocardial infarction treated with
thrombolysis, in whom TIMI (thrombolysis in myocardial
infarction) grade III flow was achieved in the infarct related
artery after thrombolysis.

METHODS
Study patients
We studied 33 patients between September 1999 and August
2001. They all presented within six hours of symptom onset
(typical chest pain lasting more than 30 minutes) with ST
segment elevation in at least two contiguous leads. They were
treated with tissue plasminogen activator. The angiographic
inclusion criteria were as follows:

N TIMI grade III flow in the infarct related artery

N single vessel disease

N all destined for stent implantation.

ECG evaluation
Standard 12 lead ECGs were obtained at baseline and at
90 minutes after admission. All ECGs were evaluated by
a single investigator blinded to the angiographic data.
The ST segment was measured 20 ms after the J point.
The summed ST segment elevation was measured by
summing the ST amplitude in all leads with ST elevation
at baseline (before fibrinolysis) and at 90 minutes (post-
fibrinolysis), using methods described previously by
Schröder and colleagues.10 The per cent resolution of
STR was calculated as the initial sum of ST segment
elevation minus the sum of ST segment elevation on the
second ECG, divided by the initial sum of ST segment
elevation. STR was also categorised on a dichotomous
scheme which defined it as good (> 50%) or poor
(, 50%).11 12
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Abbreviations: CFIp, pressure derived collateral flow index; CWP,
coronary wedge pressure; FFRmyo, myocardial fractional flow reserve;
STR, ST segment resolution; TIMI, thrombolysis in myocardial infarction;
Pa, proximal aortic pressure; Pd, distal aortic pressure; Pv, central
venous pressure
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Angiographic analysis and intracoronary pressure
measurements
Cardiac catheterisation was done at a mean of four days after
the myocardial infarct. Left and right coronary angiography
and left ventriculography were achieved in all patients. TIMI
flow grades were assessed as previously described.13

Angiographic collateral grade was determined by two
observers using Rentrop’s classification.14 After angiography,
a fibreoptic pressure monitoring guide wire (pressure wire,
0.014 inch (0.36 mm), Radi Medical Systems, Sweden) was
set at zero, calibrated, advanced through the guiding
catheter, and positioned distal to the stenosis to be dilated.
The same wire was used as a guidewire for the angioplasty
catheter. Proximal aortic (Pa), distal aortic (Pd), and central
venous (Pv) pressures were recorded simultaneously.
Adenosine was used as the hyperaemic agent, given in
intracoronary bolus doses of 20 mg for the left coronary
system and 15 mg for the right coronary system, and repeated
if necessary. Myocardial fractional flow reserve (FFRmyo)
was calculated under adenosine hyperaemia as the ratio of
mean Pd minus Pv to mean Pa minus Pv. During the stent
implantation procedure, when total occlusion was achieved
by balloon occlusion, the distal pressure obtained from the
pressure wire was recorded as the coronary wedge pressure
(CWP, mm Hg). CFIp (unitless) was calculated as the ratio of
simultaneously measured CWP minus Pv to mean Pa minus
Pv.

Statistical analysis
Statistical analysis was done using SPSS 10.0 for Windows.
Data are expressed as mean (SD). A probability value of
p , 0.05 was considered significant. Differences between
groups were evaluated by x2 analysis for categorical variables
and by Student’s t test for continuous variables. The Pearson
correlation analysis was used to investigate relations between
variables.

RESULTS
The baseline clinical and angiographic characteristics of the
patients are given in table 1. Most of the patients presented
with anterior wall infarction, and the left anterior descending
coronary artery was the culprit vessel in 66% of the patients.
All the patients had TIMI grade III flow in the infarct related

artery on coronary angiography, which was done at a mean of
four days after the myocardial infarct.

ST segment resolution
The mean (SD) ST segment resolution was 54 (26)%. The
study population was divided into two groups according to
whether they had good STR (> 50%; group 1) or poor STR
(, 50%; group 2). Poor STR was observed in 11 of the 33
patients. There were no differences between the two groups
with respect to angiographic or clinical characteristics.
Preinfarction angina tended to be more frequent in patients
with good STR (27% v 45%) (table 1).

Intracoronary pressure measurement
Basal and hyperaemic mean Pa and Pd before and after stent
implantation were not different between the two groups.
Mean FFRmyo values before and after stent implantation
were also similar (table 2). However, mean CWP (18.2 (9.5) v
28.2 (10.1) mm Hg, p,0.02) and CFIp (0.18 (0.07) v 0.27
(0.10), p , 0.02) were significantly lower in patients with
good STR than in those with poor STR (figs 1 and 2).

There were also significant inverse correlations between
CWP and STR (r = 20.69, p , 0.01) (fig 3) and CFIp and
STR (r = 20.64, p , 0.01) (fig 4), implying that higher
CFIp and CWP are associated with poorer STR.

Angiographic collateral grade and CFIp and STR
There was no difference in CFIp among the patients with
collateral grades 0 to 3 (grade 0: 0.20 (0.09); grade 1: 0.25
(0.12); grade 2: 0.22 (0.11); grade 3: 0.25 (0.08); NS). There
was also no relation between CFIp and collateral grade
(r = 0.16) (fig 5).

We found no differences between the two groups with
respect to angiographic collateral grades (p = 0.41).

DISCUSSION
To our knowledge, this study represents the first investiga-
tion of the correlation between the extent of ST segment
resolution and the degree of microvascular destruction
determined by intracoronary pressure measurement in
patients with reperfused acute myocardial infarction. We
found that a greater STR was associated with lower CFIp
values.

Table 1 Baseline angiographic and clinical characteristics

All patients
(n = 33) Good STR (n = 22) Poor STR (n = 11) p Value

Clinical characteristics
Age (years) 58.2 (11.2) 59.3 (10.4) 56.4 (9.5) NS
Male/female 23/10 16/6 7/4 NS
Diabetes mellitus 9 (27%) 6 (27%) 3 (27%) NS
Hypertension 13 (39%) 8 (36%) 5 (45%) NS
Smoking 20 (60%) 14 (63%) 6 (54%) NS
Dyslipidaemia 11 (33%) 7 (31%) 4 (36%) NS
History of angina 11 (33%) 6 (27%) 5 (45%) NS
Time from symptom onset to
treatment (hours)

4.7 (1.1) 4.3 (1.2) 4.9 (1.4) NS

Days from AMI to PCI 5.0 (1.1) 4.7 (1.5) 5.2 (1.7) NS

Angiographic characteristics
Infarct related artery

LAD 22 (66%) 14 (63%) 8 (72%) NS
RCA 4 (13%) 2 (9%) 2 (18%) NS
CxA 7 (21%) 4 (18%) 3 (27%) NS

Baseline diameter stenosis (%) 64.2 (11.6) 63.8 (14.4) 65.5 (13.4) NS
Collateral grade 0 /1/2 /3 50%/32%/16%/2% 55%/36%/11%/0% NS

Values are n (%) or mean (SD).
AMI, acute myocardial infarction; CxA, circumflex coronary artery; LAD, left anterior descending coronary artery;
PCI, percutaneous coronary intervention; RCA, right coronary artery; STR, ST segment resolution (good, >50%;
poor, ,50%).
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ST segment resolution as a marker of myocardial
tissue perfusion
The primary goal of reperfusion therapy has shifted from
opening of the infarct related artery to establishment of
myocardial tissue perfusion.15 16 It has been reported that STR
is a practical and useful measure of this latter variable.11 12 17

Several studies have shown that persistent ST elevation is
predictive of poor recovery of left ventricular function and of
increased mortality, even among patients with TIMI grade 3
flow after a percutaneous coronary intervention.18 19 This
finding is supported by results from contrast echocardiogra-
phy,20 nuclear scintigraphy,21 and Doppler flow wire studies,22

which show that no reflow in the microvasculature is
associated with poor recovery of left ventricular function,
even when patency has been restored in the infarct related
artery. Santoro and colleagues demonstrated a relation
between failure of ST resolution and reduced myocardial
perfusion assessed by contrast echocardiography.23 In another
study it was confirmed that early resolution of ST segment
elevation correlated with myocardial salvage as assessed by
Tc-99m sestamibi scintigraphy.24 It has been shown that
patients with > 50% STR have improved left ventricular
function and reduced mortality.25 26 In the present study, 33%
of the patients had poor STR (, 50%) after thrombolysis,
implying that extensive tissue and microvascular injury had
occurred in a substantial number of the patients, although all

had TIMI grade 3 flow at the coronary angiography. The
pressure derived collateral flow index was found to be raised
in this group of patients. We also found that there was a
significant inverse correlation between CFIp and STR,
implying that a higher CFIp is associated with poorer STR.
This finding suggests that CFIp is affected by microvascular
dysfunction even in reperfused patients with TIMI grade 3
flow after acute myocardial infarction, and that it reflects the
degree of microvascular dysfunction.

Pressure derived collateral flow index as a marker of
microvascular obstruction
Several studies have reported that intracoronary pressure
measurements with a pressure wire permit the assessment of
collateral function in the non-infarcted heart.27–29 The CFIp is
hypothesised to increase with an increase in collateral flow.
However, in the infarcted heart CFIp is not associated with
well developed collateral channels. Yamamuto and colleagues
showed that the CFIp does not necessarily reflect collateral
function in patients with acute myocardial infarction.9 They
observed that the CFIp is influenced by the presence and
severity of ischaemic microvascular dysfunction in acute
myocardial infarction, and that a higher CFIp is associated
with the no reflow phenomenon and with worse functional
outcomes. The relation we found between STR and CFIp (a
higher CFIp is associated with a poorer STR) is similar to that

Table 2 Intracoronary pressure measurements

All patients
(n = 33)

Good STR
(n = 22)

Poor STR
(n = 11) p Value

Pa, pre-stent, basal (mm Hg) 85.3 (10.1) 82.2 (9.4) 86.4 (10.1) NS
Pa, pre-stent, hyperaemic (mm Hg) 87.3 (10.4) 88.9 (11.5) 86.4 (9.5) NS
Pa, post-stent, basal (mm Hg) 88.3 (9.2) 87.8 (9.8) 89.6 (10.6) NS
Pa, post-stent, hyperaemic (mm Hg) 89.4 (8.8) 90.1 (10.1) 88.2 (11.2) NS
Pd, pre-stent, basal (mm Hg) 69.4 (8.5) 67.3 (9.4) 70.2 (10.4) NS
Pd, pre-stent, hyperaemic (mm Hg) 53.5 (9.2) 51.2 (10.2) 53.4 (9.8) NS
Pd, post-stent, basal (mm Hg) 84.3 (8.0) 83.2 (9.2) 81.2 (10.2) NS
Pd, post-stent, hyperaemic (mm Hg) 83.2 (8.8) 80.4 (9.3) 84.8 (10.1) NS
FFRmyo, pre-stent 0.60 (0.10) 0.58 (0.09) 0.61 (0.11) NS
FFRmyo, post-stent 0.92 (0.12) 0.91 (0.11) 0.92 (0.12) NS
Pv (mm Hg) 6 (2) 8 (3) 7 (3) NS
CWP (mm Hg) 27.2 (11.3) 18.2 (9.5) 28.2 (10.1) ,0.02
CFIp 0.25 (0.12) 0.18 (0.07) 0.27 (0.10) ,0.02

Values are mean (SD).
CWP, coronary wedge pressure; CFIp, pressure derived collateral flow index; FFRmyo, myocardial fractional flow
reserve; Pa, proximal aortic pressure; Pd, distal aortic pressure; Pv, central venous pressure; STR, ST segment
resolution (good, >50%; poor, ,50%).

Figure 1 Mean coronary wedge pressure (CWP, mm Hg) values in
patients with good (> 50%) and poor (, 50%) ST segment resolution
(STR).

Figure 2 Mean pressure derived collateral flow index (CFIp) in patients
with good and poor STR.
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observed by Yamamuto and colleagues,9 who used myocar-
dial contrast echocardiography as a marker of tissue
perfusion. In the normal heart, coronary blood flow fills the
intramyocardial blood pool and partially runs through the
coronary microvasculature into the venous circulation.
Extensive microvascular obstruction in the infarcted region
can cause congestion of the intramyocardial blood pool.
Because of this obstruction, intramyocardial blood pressure
should increase with an increase in myocardial wall stress.
Thus an increase in mean CWP and CFIp in patients with
reperfused infarct related arteries but poor STR on the surface
ECG (group 2) is probably related to a greater degree of
obstruction in the microvasculature, and these variables can
be taken as a marker of the impedance of the distal
microvasculature. The inverse correlations found between
mean CFIp and STR suggest that a higher CFIp is associated
with further destruction in the microcirculation. We did not
find any relation between the degree of angiographic
collateralisation and CFIp. Thus these variables do not
necessarily reflect collateral function in the presence of
microvascular dysfunction, which may occur even in patients
with acute myocardial infarction and TIMI grade 3 flow. In
this study we also showed that although TIMI grade 3 flow
was restored after thrombolysis, a sizeable proportion of the
patients (33%) probably had abnormal perfusion at the
cellular level, as evidenced by a poor STR on the surface ECG.
This finding is supported by our measurements of CFIp, a
marker of microvascular dysfunction.

Study limitations
Our findings were derived from a selected population of
patients with acute myocardial infarction who were treated
with thrombolysis and in whom TIMI grade III flow was
restored in the infarct related artery. Thus our results cannot
be generalised to all patients receiving reperfusion therapy.
Second, our study population was relatively small and a
larger number of patients may be necessary to confirm our
results.

Conclusions
The results support the hypothesis that ST resolution is a
surrogate marker of tissue level reperfusion. This study
provides further clarification of the relation between STR
after thrombolysis and microvascular function, using the
CFIp as another measure of microvascular dysfunction.
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Combined membrane covered and uncovered stents for coronary arteriovenous fistula associated
with atherosclerotic plaque in a patient with acute myocardial infarction

S
tent grafts have recently been
applied for various coronary lesions
such as coronary perforation, cor-

onary aneurysm, and fistula. We report
a case of coronary arteriovenous fistula
associated with atherosclerotic plaque
successfully treated with combined
membrane covered and uncovered stent
implantation in a patient who presented
with acute myocardial infarction. He
was found to have acute ST segment
elevation myocardial infarction. A 12
lead ECG showed ST segment elevation
of 3 mm over the precordial leads (V1–
V5). Cardiac enzymes were elevated and
peaked at 1161 iu/l of creatine kinase
(CK), 130 iu/l of CK-MB, 0.804 ng/ml of
troponin T, and 7.98 ng/ml of troponin
I. Two dimensional echocardiogram
demonstrated severe hypokinesia in
anteroseptal and anterior wall. A coro-
nary angiogram revealed critical steno-
sis in the proximal left anterior
descending coronary artery and preste-
notic dilatation with a large fistula
drained into the main pulmonary artery

(panel A). After predilation in fistula
and stenosis sites, a polytetrafluoro-
ethylene (PTFE) covered stent
(3.0 6 16 mm, JOSTENT GraftMaster,
Jomed, Germany) was deployed. After
graft stenting, an additional uncovered
stent (3.0 6 18 mm, Arthos inert, AMG,
Korea) was implanted just below the

graft stented site. After stenting, no
visible large fistula and stenosis were
found on angiography (panel B).
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